group in an amino acid or peptide. Acylases, which operate on 7Va-acylamino acids, are widely distributed in animal tissues, fungi, and bacteria and have been extensively studied.1~10) However, an effective enzyme for Z-moieties of acyl-L-amino acids has not been reported yet, even though the acylase from hog kidney and a-lysine deacylase from rat kidney are reported to showa trace of activity on the Z-moiety of Z-Glu and s-Z-Lys,11>7) and Z-Ala is hydrolyzed to some extent by a carboxypeptidase.12) During the course of our study on Streptococcus faecalis R ATCC8043 (S. faecalis), we found that this bacterium catalyzed the hydrolysis of Z-Gly and Z-Ala. The present paper describes the isolation of the Zmoiety hydrolytic enzyme, and its properties. Twoassay systems were used to determine the Z-moiety hydrolytic activity.
[Method A]: The ninhydrin method, measuring the amount of the released amino acids, was used. The reaction was performed in a mixture containing 0.6/xmol Z-Gly, 1^mol Co2+, and the enzyme, with about 10~2 units in a total volume of 1.0ml buffered with 0.05 m phosphate buffer (pH 6.0). The reaction was carried out at 35°C for 20min.
[Method B]: The amount of released amino acids was determined by fluorometric assay. The reaction conditions were as given in method A, except that enzyme with the activity of 10~~2~10~3 units was used and the reaction was carried out at 35°C for 30min. One unit of the enzyme activity was defined as the amount of the enzyme which catalyzed hydrolysis of 1.0mol of Z-Gly per min. The microorganism used here was the culture kept in stock in this laboratory. The organism was anaerobically grown at 37°C for 16~24hr in a semisynthetic medium,13* consisting of casamino acids, vitamines, purine bases, glucose, and inorganic compounds. The cells were harvested from 100 liters after 16 hr of cultivation. The starting material was a cellfree extract, prepared by disrupting with a Vibrogen Cell-Mill with 0.1 mmglass beads. The enzyme was purified by ammonium sulfate fractionation (40~70% saturation), removal of precipitate at pH 4.8, column chromatography on DEAE-Sephadex A-50 and Sephadex G-150, and hydrophobic column chromatography on AH-Sepharose 4B and Hydroxyapatite. The overall purification of the enzyme was 1265-fold with a yield of about 8.0%. Disc gel electrophoresis proved the enzyme to be homogeneous. The apparent molecular weight of the purified enzyme was about 220,000 daltons by gel filtration.
The optimum temperature for this enzyme was 35°C. The optimum activity was found at pH 6.0 in 0.05m phosphate buffer. This enzyme was stable in the pH range between 6.0 to 6.5 below 20°C. Gly-NH2, Leu-NH2, Leu-ONp, Gly-Gly, Leu-Gly, Leu-Leu, Z-Gly-Phe, Z-Gly-Leu, Z-Gly-Gly-Leu, Bz-Gly-Arg, Casein, Hemoglobin, Boc-Gly, -Ala, -Phe, -Asp, -Ser.
Initial velocity was measured by the standard assay method B. Reaction period was 24hr, and other conditions were the same as those in method B. Assay method A was used. Protein was determined spectrophotometrically by measuring the absorbance at 280nm, assuming that the absorbance at the concentration of 1 mg/mlis 1.0. the other Z-amino acids, listed in Table I , were resistant to the enzyme. Therefore, the enzyme has highly selective amino acid specificity. Interestingly, all of the A^-J-butoxycarbonyl (Boc)-amino acids were completely resistant to the enzyme, even though the Boc group also has a urethane type protecting function.
The enzymatic activity might be affected by the steric bulkiness of protecting groups. Extended examination showed the iVa-acetyl (Ac) and 7Va-formyl (For) groups, which exist widely in organisms, were inert to the enzyme. However, the 7Va-benzoyl (Bz) group was hydrolyzed by the enzyme. The rate of hydrolysis is significantly affected by the substituents on the benzene ring. It is assumed that the electric effects of substituents will contributed to the rate of hydrolysis. The enzyme can not catalyze the hydrolysis of 7Vatosyl-Gly, A^-phenyl-Gly, A^-phthalyl-Gly or 7Va-2,4-dinitrophenyl-Gly.
Consequently, the enzyme from S. faecalis showed a limited spectificity toward iVa-protecting groups (only to Z and Bz) and also a limited amino acid specificity (only to Gly and Ala). The addition of the Gly residue to the carboxyl terminal side of Z-Gly or Bz-Gly (e.g. Z-Gly-Gly, Bz-Gly-Gly) and the blocking of the carboxyl group of Z-Gly (e.g. Z-Gly-NH2, Z-Gly-ONp) inhibited the catalytic activity of this enzyme. These results indicate that the enzyme can not catalyze the hydrolysis of JVa-protected peptides and the free carboxyl group of the amino acid residue is required for the catalytic activity of the enzyme. The enzymewas inactive towards Z-D-Ala and Bz-D-Ala, therefore, the activity of this enzyme seems to be specific for the Lisomers. The enzyme did not show any carboxypeptidase activity.
Z-Gly was hydrolyzed to give two products. Onewas isolated from an ether extract of the reaction mixture, and identified as benzyl alcohol by several measurements [IR-, UV-and MSspectra, and HPLCanalysis]. The other was a ninhydrin positive product, isolated in crystals from the aqueous layer of the reaction mixture, and identified to be Gly by TLC, IR spectrum, mp (dec), and elemental analysis.
Equimolar amounts of benzyl alcohol and Gly were detected in the reaction mixture. Therefore, this enzymatic reaction was concluded to proceed stoichiometrically as shown in the following scheme.
So it is reasonable to conclude that the enzyme from S. faecalis is a novel one. We have tentatively named the enzyme 'Wabenzyloxycarbonyl amino acid urethanehydrolase. " A more detailed description of this work will be reported later.
